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7.2: Energy

&b Learning Objectives

o Define energy.
¢ Know the units of energy.
e Understand the law of conservation of energy.

Energy is the ability to do work. Think about it: when you have a lot of energy, you can do a lot of work; but if you're low on
energy, you do not want to do much work. Work (w) itself is defined as a force (F) operating over a distance (Ax):

w=F x Ax

In S, force has units of newtons (N), while distance has units of meters. Therefore, work has units of N-m. This compound unit is

redefined as a Joule (J).
1 joule = 1 newton'meterl J = 1 N'-m
Because energy is the ability to do work, energy is also measured in joules. This is the primary unit of energy we will use here.

How much is 1 J? It is enough to warm up about one-fourth of a gram of water by 1°C. It takes about 12,000 J to warm a cup of
coffee from room temperature to 50°C. So a joule is not a lot of energy. It will not be uncommon to measure energies in thousands
of joules, so the kilojoule (kJ) is a common unit of energy, with 1 kJ equal to 1,000 J.

An older—but still common—unit of energy is the calorie. The calorie (cal) was originally defined in terms of warming up a given
quantity of water. The modern definition of calorie equates it to joules:

1cal=4.184)

The calorie is used when considering nutrition. Energy contents of foods are often expressed in calories. However, the calorie unit
used for foods is actually the kilocalorie (kcal). Most foods indicate this by spelling the word with a capital C—Calorie. Figure
7.2.1- Calories on Food Labels, shows one example.

Nutrition Facts

Serving Size 3 oz. (85g)

erving As Served
Calories 38 ) Calories from Fat 0

4 Daly Value
Total Fat Og 0%
Saturated Fat Og 0%

Cholesterol Og 0%

Sodium Og 2%

Total Carbohydrate Og 3%
Dietary Fiber Og 8%
Sugars Og

Protein Og

Vitamin A 270% + \Vitamin C 10%

Calcium 2% +  lron 0%

Percent Daily Values are based on a 2,000 calorie
diet. Your daily values may be higher or lower
depending on your calorie needs:

Calories 2,000 2,500
Total Fat Less than G5g 80g
Sat Fat Less than 20y 80g
Cholesterol Less than 300mg  300mg
Sodium Less than 2,400mg  2.400mg
Total Carbohydrate 300g 3759
Dietary Fiber 259 30g

Figure 7.2.1 Calories on Food Labels © Thinkstock. This label expresses the energy content of the food, but in Calories (which are
actually kilocalories).
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The label in Figure 7.2.1 states that the serving has 38 Cal. How many joules is this?

Solution

We recognize that with a capital C, the Calories unit is actually kilocalories. To determine the number of joules, we convert
first from kilocalories to calories (using the definition of the kilo- prefix) and then from calories to joules (using the
relationship between calories and joules). So

1000 gk 4184
1 kcak 1 cgk

38 kcat x =160,000J

? Exercise 7.2.1
A serving of breakfast cereal usually has 110 Cal. How many joules of energy is this?

Answer

460,000 J

In the study of energy, we use the term system to describe the part of the universe under study: a beaker, a flask, or a container
whose contents are being observed and measured. An isolated system is a system that does not allow a transfer of energy or matter
into or out of the system. A good approximation of an isolated system is a closed, insulated thermos-type bottle. The fact that the
thermos-type bottle is closed keeps matter from moving in or out, and the fact that it is insulated keeps energy from moving in or
out.

One of the fundamental ideas about the total energy of an isolated system is that it does not increase or decrease. When this
happens to a quantity, we say that the quantity is conserved. The law of conservation of energy states that the total energy of an
isolated system does not change. As a scientific law, this concept occupies the highest level of understanding we have about the
natural universe.

Key Takeaways
o Energy is the ability to do work and uses the unit joule.
o The law of conservation of energy states that the total energy of an isolated system does not increase or decrease.
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